THE ELIMINATION OF IRON AND ITS DISTRIBUTION IN THE LIVER AND SPLEEN IN EXPERIMENTAL ANEMIA. II by Dubin, Harry & Pearce, Richard M.
THE ELIMINATION  OF IRON AND ITS  DISTRIBUTION IN 
THE  LIVER AND  SPLEEN IN EXPERIMENTAL 
ANEMIA.  II. 
BY HARRY DUBIN, PH.D.,  AND RICHARD M. PEARCE, M.D. 
(From the John Herr Musser Department  of Research Medicine of the University  of 
Pennsylvania, Philadelphia.) 
(Received for publication,  December 31,  1917.) 
In  an  earlier  communication  (1)  we  presented  the  results  of  a 
study of the elimination and storage of iron in transient experimental 
anemias due to a single injury.  These we found were not character- 
ized by an increased elimination of iron in the feces, or in the urine, 
except as an accompaniment of hemoglobinuria.  On the other hand, 
an  increased  storage of iron  in  the liver and  spleen was constantly 
observed.  These observations support well known views concerning 
the power of the body to conserve iron,  and  suggest that some other 
factor besides blood destruction must be operative in those hemolytic 
anemias in man characterized  by excessive elimination of iron in the 
feces.  The  natural  assumption  is  that  in  the  hemolytic  anemias 
there  exists  some  disturbance  of  the  mechanism  concerned  in  the 
retention  or  conservation  of  iron,  and  we  have  now  studied  a 
chronic  type of experimental  anemia  in  order to determine whether 
chronicity  may  be  a  factor.  In  the  present  series  of  experiments 
Trypanosoma equiperdum has been used to cause a  continuous blood 
destruction  in  dogs.  It  was hoped  that  in  the  long  continued  and 
progressive anemia  so produced we might  find an experimental  con- 
dition approximating  the hemolytic anemias of man. 
EXPERIMENTAL. 
AS our methods  of experimentation  and analysis  have been de- 
scribed in a  previous paper  (1),  they need not again  be given.  The 
1 Only the study of iron metabolism is presented here.  For a general descrip- 
tion of these experiments see Krumbhaar, E. B., Experimental trypanosomiasis: 
T. equiperdum infection in the dog, J. Infect. Dis., in press. 
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results of the study of the elimination of iron in the feces are pre- 
sented in Table I, in which are given also some figures for the urine. 
The urine was not studied in all experiments inasmuch as our earlier 
work demonstrated that in  the absence of hemoglobinuria the iron 
content of urine does not vary.  Six  of the  animals were infected 
with trypanosomes and two of these were splenectomized?  In addi- 
tion  the  table  presents  three  control  experiments  on  non-infected 
animals  with  studies  of  iron  elimination before and after splenec- 
tomy2  The figures are in accord with those obtained in  our earlier 
study (1) of transient anemia and prove conclusively that an experi- 
mental anemia with continuous blood destruction is not necessarily 
characterized by an increased elimination of iron in  the feces.  In 
this connection we consider Experiments S and 6, in which splenectomy 
was  done  at  the  stage  of  severest anemia,  very  important.  The 
removal of the spleen of the normal dog, does not, as has been shown 
in other work from this laboratory (2), lead to  an increased elimina- 
tion of iron, but no observations are at hand concerning iron elimina- 
tion  after removal of the spleen in  an  anemic  dog.  Experiments 
5 and 6 offer the needed evidence to show that iron elimination after 
splenectomy, in the anemic as in the normal dog, remains Iinchanged. 
In Table  II may be seen the figures showing the distribution  of 
iron in the spleen and liver.  The normal percentages for spleen and 
liver, as we have shown elsewhere (1), are respectively  0.185 and 0.104. 
The  figures for  trypanosome anemia  are  sometimes higher, but  in 
general are in accord with those obtained in the study (1) of transient 
anemia.  Experiments  1,  2,  3,  4,  10,  and !1  are simple  studies of 
trypanosome anemia.  In Experiments 12, 13, and 14 arsenobenzol,  4 a 
trypanocide, was given to delay the fatal termination in the hope of 
obtaining  a  greater  accumulation of  iron  in  the  liver  and  spleen. 
These animals thus suffered a severe initial anemia, an improvement 
as  the trypanosomes disappeared under treatment, and eventually, 
2 These operations were done under complete ether anesthesia. 
3 The averages of all figures for iron elimination in the earlier study are as 
follows: urine,  1.6 rag. per day; feces, 18.9 rag. per day, or 0.116 per cent of dry 
weight. 
* The arsenobenzol (Schamberg)was  furnished  by  the  Dermatological Re- 
search Laboratories of the Polyclinic  Hospital, Philadelphia. 482  EXPERIMENTAL  ANE~fIA.  II 
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with  the  reappearance of  the paras!tes  in  the  circulating blood,  a 
recurrence of anemia, terminating  fatally.  Despite the  long course 
of the experiment the storage of iron was not greatly augmented in 
either liver or spleen.  The results, in general, are in accord with the 
work of Boycott and Price-Jones (3), who, in a  study of experimental 
trypanosome anemia in  the  rabbit,  found  the  iron of  the liver  to 
be  double that of normal animals while the  iron  of  the  spleen  was 
increased twenty times. 
In Experiments 7, 8, 9,  18, and 19 the spleen  s was removed before, 
and in Experiments 5,  15,  16,  and  17 after infection to see whether 
the absence of the spleen led to greater storage of iron in the liver. 
No evidence of this is at hand. 
TABLE  Ill. 
Iron  Elimination  in  Bile. 
Dog No.  Period. 
20  Nov.  I-  7 
"  11-17 
21  Nov.  1-  7 
"  11-17 
"  28--Dec.  4 
Urine- 
bile 
mixture 
per day. 
mg. 
1.84 
1.97 
1.75 
1.91 
1.51 
Iron. 
Feces per day. 
rag.  per  cent 
30.4  0.109 
36.4  0.12-3 
7.3  0.119 
6.7  0.118 
10.0  0.127 
Nov. 1. 
Nov. 1. 
Nov. 24. 
Remarks. 
Bile duct-ureter anastomosis. 
Bile duct-ureter anastomosis. 
Splenectomy. 
In seven animals with anemia the iron  content of the kidney was 
determined, the figures varying from 0.044  to 0.067  per cent of dry 
substance, essentially normal figures. 
In  another series of experiments,  the  elimination of  iron in  the 
bil~ was studied, in order to determine whether  a loss occurred through 
this channel.  For the collection of bile we used the method of Pearce 
and Eisenbrey (4), which consists in an anastomosis, after removal of 
one kidney, of the corresponding ureter with the bile duct2  By this 
procedure the bile passes into the urinary bladder  and is  available, 
without loss, for the quantitative chemical examination of any con- 
stituent not present in the urine.  As we had at hand many control 484  EXPERIMENTAL  ANEMIA.  II 
figures for iron in the urine,  there was no possibility of confusion  as 
to figures for iron i~ the urine and bile respectively.  In Table III are 
shown  the  results  in  two  experiments.  The  figures  for  urine  and 
bile combined approach so closeIy those for urine alone that this line 
of study was abandoned with the conclusion that in the dog iron in 
appreciable amounts is not eliminated in the bile. 
However, ia the  animals  with  bile  duct-ureter  anastomosis  an in- 
creased storage of iron was found in the spleen.  As anemia was not 
TABLE  IV. 
Iron,  Storage  in  the  Spleen  after Exclusion  of Bile from  the Intestine. 
Blood picture. 
Date.  Red blood  ~  .~ 
corpuscles,  o~  ~o 
per  per 
cent  cent 
20  Nov.  7  6,820,000  103 
Dec.  14  7,600,000  105 {).498 
21  Nov. 177  7,100,000  102 
"  6,680,000  108  ). 548 
22  Feb.  7]  6,020,000  86 
Apr.  14  5,820,000  92 0.253 
23  Mar. 27  6,860,000  92 
May 22  3,830,000  35 0.472 
24  Apr.  14  6,610,000  110 
May 15  4,690,000  45 
"  19  5,210,000  750.598 
Remarks. 
Nov.  1.  Bile duct-ureter anastomosis. 
Dec. 19.  Splenectomy. 
Nov.  1.  Bile duct-ureter anastomosis. 
"  24.  Splenectomy. 
Jan.  23.  Bile duct-ureter anastomosis. 
Apr.  17.  Splenectomy. 
Feb.  6.  Bile duct-ureter anastomosis. 
Anemia  due  to  toluylenediamine. 
May 24.  Autopsy. 
Jan.  24.  Bile duct-ureter anastomosis. 
Anemia due to toluylenediamine. 
May 24.  Autopsy. 
produced artificially and did not develop spontaneously in three ani- 
mals of the series this increased storage of iron is difficult to explain. 
It is possible that the loss of bile  from the  intestine  may have been 
a  factor, but as a satisfactory  explanation  is not at hand,  the results 
are given in Table IV without further comment. 
SUMMARY. 
In  the  continuous  blood destruction,  essentially  a  chronic  experi- 
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perdum,  no increased elimination of iron  is  observed in  the  feces. 
The storage of iron in the liver and spleen under these experimental 
conditions is somewhat greater in amount, but of the same general 
character as in transient experimental anemia. 
Splenectomy before or after infection, i.e. the development of ane- 
mia,  influences neither  the elimination of iron  in the feces nor its 
storage in the liver. 
The retardation of the course of the  trypanosome infection and 
thus the production of a  more chronic anemia by treatment with a 
trypanocide, arsenobenzol, likewise does not affect iron  storage. 
These experiments have therefore failed to reproduce the changes 
in iron metabolism seen in certain of the chronic hemolytic anemias 
of man. 
In the presence of a bile duct-ureter fistula the iror~ content of the 
mixture of urine and bile is not appreciably greater than that of the 
urine alone.  In  the dog,  therefore, the elimination of iron in  the 
the bile would not appear to be an important factor. 
On the other hand, when bile is excluded from  the  intestine  an 
unusual storage of iron occurs in the spleen.  For this no explana- 
tion is offered. 
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